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Posttraumatic stress disorder (PTSD), a condition trig-
gered by a traumatic stressful event, has been suggested to 

increase the risk of coronary heart disease (CHD)1,2 and other 
cardiovascular diseases.3–5 Although stress is a contributing 
factor for CHD6 and is present during combat, the role of spe-
cific deployment experiences and PTSD on the incidence of 
newly reported CHD is not well defined, especially among 
US service members soon after deployment in support of the 
operations in Iraq and Afghanistan.

Editorial see p 1797 
Clinical Perspective on p 1820

Published prospective studies on veterans have reported posi-
tive associations between PTSD and cardiovascular diseases,2,4,5,7 
but no association between combat exposure during or before 

the Vietnam conflict and CHD risk.8 Retrospective research 
has indicated that individuals deployed to the 1991 Gulf War 
reported chest pain and cardiovascular disorders more often than 
non–Gulf War veterans.9,10 However, these studies have included 
predominantly older veteran populations and were conducted 
approximately a decade or longer after wartime experiences.

Because the number of combat-exposed veterans continues 
to increase, with many service members returning with PTSD 
symptoms,11,12 an understanding of the impact of these experi-
ences on CHD is important given that heart disease is the lead-
ing cause of death in the United States.13 Furthermore, most 
studies on CHD have used older populations with remote mili-
tary experiences, and no data exist on the acute effects of war-
time experiences on CHD among recently deployed service 
personnel. Hence, we conducted the first ongoing prospective 

Background—The recent conflicts in Iraq and Afghanistan have exposed thousands of service members to intense stress, 
and as a result, many have developed posttraumatic stress disorder (PTSD). The role of military deployment experiences 
and PTSD in coronary heart disease (CHD) is not well defined, especially in young US service members with recent 
combat exposure.

Methods and Results—We conducted a prospective cohort study to investigate the relationships between wartime 
experiences, PTSD, and CHD. Current and former US military personnel from all service branches participating in 
the Millennium Cohort Study during 2001 to 2008 (n=60 025) were evaluated for newly self-reported CHD. Electronic 
medical record review for International Classification of Diseases, Ninth Revision, Clinical Modification codes for CHD 
was conducted among a subpopulation of active duty members (n=23 794). Logistic regression models examined the 
associations between combat experiences and PTSD with CHD with adjustment for established CHD risk factors. A 
total of 627 participants (1.0%) newly reported CHD over an average of 5.6 years of follow-up. Deployers with combat 
experiences had an increased odds of newly reporting CHD (odds ratio, 1.63; 95% confidence interval, 1.11–2.40) and 
having a diagnosis code for new-onset CHD (odds ratio, 1.93; 95% confidence interval, 1.31–2.84) compared with 
noncombat deployers. Screening positive for PTSD symptoms was associated with self-reported CHD before but not after 
adjustment for depression and anxiety and was not associated with a new diagnosis code for CHD.

Conclusions—Combat deployments are associated with new-onset CHD among young US service members and 
veterans. Experiences of intense stress may increase the risk for CHD over a relatively short period among young 
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study to investigate whether specific deployment experiences 
and PTSD symptoms are associated with newly reported 
CHD among a young cohort of US active duty, Reserve, and 
National Guard members.

Methods
Study Population and Data Sources
Participants included in this research were enrolled in the Millennium 
Cohort Study, a large prospective study initiated in 2001 to assess 
the health effects of military service, including deployment-related 
experiences.14–16 Invited participants were randomly selected from 
US military personnel serving in October 2000. To ensure suffi-
cient power to detect differences in smaller subgroups, this cross 
section of the US military was oversampled for service members 
with previous deployment experience to southwest Asia, Bosnia, or 
Kosovo; Reserve and National Guard members; and women. The 
methodology of the Millennium Cohort Study has been described 
previously.15 Participants provided informed voluntary consent and 
completed a baseline survey, followed by follow-up questionnaires 
that were offered at ≈3-year intervals. The study was approved 
by the Institutional Review Board at the Naval Health Research 
Center and conducted in compliance with all applicable federal 
regulations governing the protection of human subjects (protocol 
NHRC.2000.0007).

Of the 209 146 participants invited to participate during 2001 to 
2003, 77 047 consenting participants enrolled, 55 021 (71%) com-
pleted the first follow-up questionnaire (2004-2006), and 54 790 
(71%) completed the second follow-up questionnaire (2007-2008). 
Compared with those who did not enroll, participants were slightly 
more likely to be female, older, white/non-Hispanic, officers, more 
educated, and serving in the Army; deployment status before enroll-
ment was similar between participants and nonparticipants.17

Two analytic populations were created to assess the outcome of 
newly reported CHD. We used self-reported survey data (all members 
of the cohort) and diagnostic codes from the medical records (among 
active duty members). Of the 77 019 consenting eligible participants 
(n=28 excluded because of ineligibility) who completed the baseline 
questionnaire, the following were excluded from the CHD self-report 
population: 2065 (2.7%) who reported CHD at baseline, 13 264 
(17.2%) who did not complete at least 1 follow-up questionnaire, 
1191 (1.5%) missing CHD status at baseline, 422 (<1.0%) missing 
CHD status at follow-up, and 52 (<1.0%) who responded affirma-
tively to all 41 provider-diagnosed medical conditions. The total 
self-report population for the present analysis included 60 025 partici-
pants. For the population with medical diagnosis codes (International 
Classification of Diseases, Ninth Revision [ICD-9-CM]), we evalu-
ated service members on active duty service, because this group had 
accessible records. Of the 77 019 consenting eligible participants, 
the following were excluded from the ICD-9-CM population: 42 161 
Reserve/Guard members (56.8%), 359 (<1.0%) of whom had a 
CHD code before baseline; 5554 (12.9%) separated military mem-
bers; 5091 (6.3%) who were missing both follow-up surveys; and 
60 (<1.0%) who responded affirmatively to all provider-diagnosed 
medical conditions. The total ICD-9-CM population for the present 
analysis included 23 794 participants.

Survey data from the Millennium Cohort Study were used to assess 
PTSD symptoms, combat experiences, and health conditions and 
behaviors. Demographic and occupational data were obtained from 
the Defense Manpower Data Center, Monterey, CA, and included 
sex, birth year, race/ethnicity, education, marital status, military 
pay grade, service component, service branch, occupation, and 
deployments. Education and marital status were supplemented with 
self-reported data when missing. Medical record data for active duty 
participants included electronic outpatient and inpatient International 
Classification of Diseases, Ninth Revision, Clinical Modification 
(ICD-9-CM) codes from Department of Defense facilities and claims 
from non–Department of Defense facilities billed through the mili-
tary insurance program, TRICARE. Outpatient and inpatient medical 
record data were available starting October 1998.

Outcome
Coronary Heart Disease
Newly reported CHD was defined as the self-reported absence of a 
doctor or other health professional diagnosis of CHD, heart attack, or 
angina (chest pain) at or before the baseline survey and the presence 
of CHD or heart attack at follow-up. Affirmative responses to “angina 
(chest pain)” at follow-up were not included in the definition to avoid 
potential misclassification of noncardiac causes of chest pain as CHD.

New-onset CHD medical diagnosis codes encompassed ischemic 
heart disease conditions (ICD-9-CM codes 410–414). Participants 
with a new-onset CHD diagnosis code were included if they lacked an 
outpatient and inpatient code for ischemic heart disease at or before 
the baseline survey but had an affirmative code by the latest follow-up 
survey assessment. To ensure adequate time for entry of codes into 
the databases, we investigated electronic health records for 90 days 
after the follow-up questionnaire submission date. Previous valid-
ity studies have found moderate to substantial agreement between 
self-report and medical records for CHD and myocardial infarction, 
with a sensitivity of 62% and specificity of 99% for incident CHD.18,19 
In the present study, self-report and provider diagnosis code agree-
ment was fair (κ=0.28; 95% confidence interval [CI], 0.22–0.34), 
with a sensitivity of 43% and specificity of 99%.

Exposures of Interest
Deployment
Deployment in support of the operations in Iraq and Afghanistan 
was based on in- and out-of-theater dates recorded in official mili-
tary records. Among deployers, combat experience was assessed on 
follow-up surveys through self-report of personally witnessing or being 
exposed to ≥1 of the following over the past 3 years: A person’s death 
caused by war or disaster, physical abuse, dead or decomposing bodies, 
maimed soldiers or civilians, and prisoners of war or refugees.12

Posttraumatic Stress Disorder
PTSD symptoms were assessed at baseline and follow-up by use 
of survey responses from the PTSD Checklist, Civilian Version 
(PCL-C). PTSD was identified in participants who reported a moder-
ate or higher level of at least 1 intrusion, 3 avoidance, and 2 hyper-
arousal symptoms, with a PCL-C score of ≥50 (specific criteria).20 
The validity of this measure has been studied among both civilian and 
military populations11,21,22 and has demonstrated good internal consis-
tency in this cohort.23

Covariates
Covariates were assessed at baseline and included body mass index, 
which was calculated from self-reported height and weight as weight 
(kg)/height (m)2. Self-reported smoking status was categorized as 
never, past, or current by use of questions that assessed lifetime smok-
ing of ≥100 cigarettes (5 packs), a successful attempt to quit smoking, 
and cigarette use in the past year. Self-reported alcohol use in the past 
year was categorized as none/low, moderate, or high consumption 
based on the question, “In the past year, on those days that you drank 
alcoholic beverages, on average, how many drinks did you have?”24 
Moderate drinkers were categorized as consuming 1 (female) or 1 to 
2 (male) drinks on days they drank alcohol, while high consumption 
was defined as >1 (female) or >2 (male) drinks; those with lower 
amounts were categorized as none/low. Diabetes mellitus and hyper-
tension were identified through self-report of a provider’s diagnosis. 
Depression and anxiety symptoms were captured through the Patient 
Health Questionnaire,25 embedded in the Millennium Cohort ques-
tionnaire. Depression symptoms were time updated and assessed with 
the baseline and follow-up survey responses, whereas anxiety symp-
toms were included from the baseline survey only.

Self-reported physical activity and strength-training classifications 
were categorized as active or inactive based on recommendations 
made by the American College of Sports Medicine and the American 
Heart Association.26 These 2 variables were assessed at the first fol-
low-up survey, because these questions were first available on the 
survey in 2004 to 2006.
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Statistical Analyses
Descriptive and bivariate analyses were used to evaluate the unadjusted 
associations between newly reported CHD and deployment experi-
ences, PTSD, and other covariates. The generalized estimating equa-
tions method was used to prospectively assess the associations between 
the exposures of interest (ie, deployment experiences and PTSD) 
with the outcome of newly reported CHD, adjusted for covariates and 
time between baseline and follow-up. The exposures of interest were 
assessed at the baseline and follow-up surveys, and their associations 
with the subsequent development of newly reported CHD were evalu-
ated with the first or second follow-up surveys or both. The modeling 
procedures used in the present study assessed exposures before the out-
come; outcomes that predated the exposures of interest did not contrib-
ute to the associations. Three separate models, adjusted for different 
combinations of variables, were conducted: (1) Adjustment for age, 
sex, and race; (2) adjustment for all covariates except depression and 
anxiety; and (3) adjustment for all covariates, including depression and 
anxiety. Deployment, PTSD, and depression were measured longitudi-
nally with the baseline and follow-up surveys and were assessed before 
the first report of CHD. Anxiety was assessed only at baseline, because 
this condition may have similar symptoms as PTSD. We used multiple 
imputation techniques to ensure the most robust study population by 
imputing data for all missing covariates including deployment experi-
ences and PTSD. In addition to the multiple imputation models, we 
repeated the analyses using only participants with complete data and 
found similar findings. A subanalysis that used the outcome of a new-
onset CHD diagnosis code was conducted in a subset of participants 
who remained on active duty throughout follow-up and for whom all 
electronic healthcare records were available. For all models, multicol-
linearity was defined by a variance inflation factor of ≥4. The potential 
interaction of PTSD and sex was tested at P≤0.10. Confounding fac-
tors were evaluated and retained in the adjusted model if they changed 
the measure of association between deployment or PTSD and CHD by 
>10%. Statistical significance for all variables within the models was a 
priori defined as P<0.05. All data analyses were conducted with SAS, 
version 9.2 (SAS Institute, Inc, Cary, NC).

Results
A total of 627 of the 60 025 participants (1.0%) newly 
self-reported CHD over a mean of 5.6 years between base-
line and the most recent follow-up. The mean age of the par-
ticipants at baseline was 34.4 years, whereas the mean age of 
those with newly reported CHD was 43.1 years. At baseline, 
service members with newly reported CHD were proportion-
ally more likely to be male, older, married, in the Reserves/
National Guard or Army, obese, a smoker, a heavy drinker, 
and inactive with regard to physical activity and strength train-
ing, as well as to have diabetes mellitus, hypertension, and 
depression (Table I in the online-only Data Supplement).

Among the self-reported study population, 900 had deployed 
with combat experiences before the baseline assessment, 6446 
between baseline and the first follow-up assessment (or report 
of CHD if indicated), and 7024 between the first and sec-
ond follow-up assessments (or report of CHD if indicated). 
Deployments without combat experiences occurred among 
964, 7224, and 6536 participants in the respective time frames. 
A total of 1193 participants screened positive for PTSD at base-
line, 1304 at the first follow-up, and 1826 at the second follow-
up. The mean time between the baseline and first follow-up 
survey was 2.7 years, whereas the mean time between the 2 
follow-up surveys was 2.9 years. Characteristics by deployment 
experiences and PTSD symptoms are shown in Table 1.

In age-, sex-, and race-adjusted models, combat deployers 
had higher odds of newly self-reported CHD (adjusted odds 
ratio [OR], 1.81; 95% CI, 1.25–1.64). In the multivariable 

longitudinal analysis adjusted for all covariates, combat 
deployers remained at significantly higher odds of newly 
reporting CHD (adjusted OR, 1.63; 95% CI, 1.11–2.40) com-
pared with noncombat deployers (Table  2). No significant 
associations were found among nondeployers compared with 
noncombat deployers. In the final adjusted model, other char-
acteristics associated with newly reported CHD included being 
male, older, less educated, overweight or obese, a current or 
past smoker and having hypertension (Table II in the online-
only Data Supplement). Among those who were deployed, the 
number of cumulative days of deployment was also evaluated, 
but no significant association with self-reported CHD was 
found (Table III in the online-only Data Supplement).

Screening positive for PTSD was significantly associated 
with newly self-reported CHD in the age-, sex-, and race-
adjusted model (OR, 2.25; 095% CI, 1.49–3.39) and in the 
multivariable model without adjustment for depression and 
anxiety (adjusted OR, 1.66; 95% CI, 1.10–2.50; Table  2). 
When depression and anxiety were included in the adjusted 
model, screening positive for PTSD symptoms was no lon-
ger associated with newly reported CHD (adjusted OR, 1.27; 
95% CI, 0.76–2.12; Table  2). A moderately strong correla-
tion between depression and PTSD (r=0.46) was noted in the 
present study; for instance, among those with PTSD, 57% 
also met criteria for depression, and 38% met those for anxi-
ety. PTSD was also examined by use of a continuous scale 
among deployers, but no relationship between the PCL-C 
score and CHD was found (Table III in the online-only Data 
Supplement). Multicollinearity was assessed in all multivari-
able models, and there was no variable with a variance infla-
tion level ≥4; an interaction term between PTSD and sex was 
not significant at the P≤0.10 level.

In a subanalysis of 23 794 active-duty participants with ICD-
9-CM codes, 342 (1.4%) had new-onset CHD (Table I in the 
online-only Data Supplement). After adjustment for all covari-
ates, deployers who reported combat experiences had nearly 
twice the odds of having a diagnosis code for new-onset CHD 
(adjusted OR, 1.93; 95% CI, 1.31–2.84) as deployers without 
combat exposure. Active duty participants with a diagnosis 
code for new-onset CHD were more likely to be older, married, 
obese, and a current smoker and to report none/low drinking 
versus high consumption, as well as hypertension or depres-
sion (Table II in the online-only Data Supplement). PTSD 
symptoms were not associated with newly diagnosed CHD 
by medical codes in any multivariable model with or without 
adjustment for depression and anxiety (Table 3).

Discussion
Combat deployment, in addition to other established risk factors 
for heart disease, was associated with newly reported CHD and 
CHD defined by ICD-9-CM diagnosis codes. Screening posi-
tive for PTSD was associated with self-reported CHD before 
but not after adjustment for depression and anxiety, and was 
not associated with CHD by diagnostic codes. These findings 
suggest that young military personnel who experienced combat 
during the recent conflicts may have a heightened risk for the 
development of CHD. The present study highlights the poten-
tial impact of acutely stressful experiences on the development 
of CHD over a relatively short time period in young adults.
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Table 1.  Characteristics of Millennium Cohort Participants by Deployment and PTSD Status (2001–2008)

Deployment Experiences PTSD, Specific Criteria

Baseline Characteristics Nondeployed (n=37 143)
Deployed, No Combat 

(n=10 602)
Deployed, Combat 

(n=12 280) No (n=56 694) Yes (n=3331)

Newly reported CHD*†‡

 � No disease 36 666 (98.7) 10 530 (99.3) 12 202 (99.4) 56 134 (99.0) 3264 (98.0)

 � Disease 477 (1.3) 72 (0.7) 78 (0.6) 560 (1.0) 67 (2.0)

Sex†‡

 � Male 25 301 (68.1) 8253 (77.8) 10 360 (84.4) 41 728 (73.6) 2186 (65.6)

 � Female 11 842 (31.9) 2349 (22.2) 1920 (15.6) 14 966 (26.4) 1145 (34.4)

Birth year†‡

 � Before 1960 10 321 (27.8) 1757 (16.6) 1701 (13.9) 13 137 (23.2) 642 (19.3)

 � 1960–1969 14 408 (38.8) 4527 (42.7) 5051 (41.1) 22 794 (40.2) 1192 (35.8)

 � 1970–1979 10 882 (29.3) 3791 (35.8) 4866 (39.6) 18 302 (32.3) 1237 (37.1)

 � 1980 or later 1532 (4.1) 527 (5.0) 662 (5.4) 2461 (4.3) 260 (7.8)

Race/ethnicity†‡

 � Non-Hispanic white 26 363 (71.0) 7452 (70.3) 8410 (68.5) 40 092 (70.7) 2133 (64.0)

 � Non-Hispanic black 4941 (13.3) 1424 (13.4) 1251 (10.2) 7059 (12.5) 557 (16.7)

 � Other 5839 (15.7) 1726 (16.3) 2619 (21.3) 9543 (16.8) 641 (19.2)

Education†‡

 � Some college or less 26 132 (70.4) 7929 (74.8) 8821 (71.9) 40 036 (70.6) 2849 (85.5)

 � Bachelor’s degree or higher 11 011 (29.6) 2673 (25.2) 3456 (28.1) 16 658 (29.4) 482 (14.5)

Marital status†‡

 � Not married 12 718 (34.3) 3718 (35.1) 4353 (35.5) 19 382 (34.2) 1407 (42.2)

 � Married 24 425 (65.8) 6884 (64.9) 7927 (64.6) 37 312 (65.8) 1924 (57.8)

Military pay grade†‡

 � Enlisted 27 583 (74.3) 8100 (76.4) 8837 (72.0) 41 571 (73.3) 2949 (88.5)

 � Officer 9560 (25.7) 2502 (23.6) 3443 (28.0) 15 123 (26.7) 382 (11.5)

Service component†

 � Reserve/Guard 17 503 (47.1) 3875 (36.6) 4688 (38.2) 24 571 (43.3) 1495 (44.9)

 � Active duty 19 640 (52.9) 6727 (63.5) 7592 (61.8) 32 123 (56.7) 1836 (55.1)

Service branch†‡

 � Army 16 990 (45.7) 3373 (31.8) 7641 (62.2) 25 821 (45.5) 2183 (65.5)

 � Air Force 10 751 (28.9) 4706 (44.4) 2677 (21.8) 17 631 (31.1) 503 (15.1)

 � Marine Corps 1676 (4.5) 348 (3.3) 738 (6.0) 2608 (4.6) 154 (4.6)

 � Navy/Coast Guard 7726 (20.8) 2175 (20.5) 1224 (10.0) 10 634 (18.8) 491 (14.7)

Occupation†‡

 � Combat specialist 6583 (17.7) 2039 (19.2) 3605 (29.4) 11 618 (20.5) 609 (18.3)

 � Healthcare specialist 2885 (13.2) 420 (4.0) 1251 (10.2) 6233 (11.0) 323 (9.7)

 � Other 25 675 (69.1) 8143 (76.8) 7424 (60.5) 38 843 (68.5) 2399 (72.0)

Body mass index,†‡ kg/m2

 � Normal/underweight (<25) 13 968 (37.6) 3903 (36.8) 4261 (34.7) 20 965 (37.0) 1167 (35.0)

 � Overweight (25 to <30) 18 871 (50.8) 5728 (54.0) 6843 (55.7) 29 801 (52.6) 1641 (49.3)

 � Obese (≥30) 4304 (11.6) 971 (9.2) 1176 (9.6) 5928 (10.5) 523 (15.7)

Smoking status†‡

 � Nonsmoker 21 604 (58.2) 6484 (61.2) 7077 (57.6) 33 636 (59.3) 1529 (45.9)

 � Past smoker 9604 (25.9) 2462 (23.2) 2977 (24.2) 14 159 (25.0) 884 (26.5)

 � Current smoker 5935 (16.0) 1656 (15.6) 2226 (18.1) 8899 (15.7) 918 (27.6)

Alcohol use†‡

 � Low/none 11 012 (29.7) 2698 (25.5) 2663 (21.7) 15 421 (27.2) 952 (28.6)

 � Moderate 11 485 (30.9) 3373 (31.8) 3993 (32.5) 18 213 (32.1) 638 (19.2)

(Continued)
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Similar to previous studies that reported adverse health out-
comes among combat deployers,12,27–29 combat experiences in 
the present study were positively associated with new-onset 
CHD by both self-report and diagnosis codes. Although combat 
deployment was not associated with CHD in the univariate model 
(Table I in the online-only Data Supplement), after adjustment 
for age and other relevant variables, a significant association was 
consistently noted in all models. Although military personnel are 
encumbered with unique occupational strain from deployment, 
exposure to combat appears to be a more profound stressor asso-
ciated with mental and physical conditions than deployment 
alone or the number of cumulative days deployed.

The mechanisms by which combat deployment results in 
CHD are currently unknown but may be related to intense 
job-related stressors. Stress is believed to arouse sympathoad-
renal activity, which may lead to the development of coronary 
atherosclerosis by invoking low-grade systemic proinflamma-
tion, arterial intimal injury, and plaque rupture.3,4 Long-term 
stress may result in elevations in blood pressure and heart 
rate, with resultant adverse effects on the heart. Intense, fre-
quent stress responses may also increase platelet aggrega-
tion and coronary vasoconstriction, leading to cardiovascular 
events, although results have varied, and the duration of the 
stress response may be more relevant to the development of 
disease.30–33 A large study in the general population recently 
demonstrated that job strain was a risk factor for CHD among 

all age groups and socioeconomic strata after adjustment for 
conventional risk factors.34

Prior studies have suggested that combat exposure has an 
indirect effect on physical health outcomes mediated through 
PTSD, with PTSD having a direct effect.2,35,36 The present 
study suggests that the effect of combat on CHD may occur 
independent of PTSD or the other variables in our adjusted 
models (eg, smoking, alcohol use, obesity), because their 
inclusion did not remove the effect of combat. It is note-
worthy that the magnitude of the associations between com-
bat experiences and CHD was attenuated when PTSD and 
other covariates were added to the models, which suggests 
that these factors could be part of the causal pathway (eg, 
PTSD or covariates such as depression may play a role in the 
association of combat deployment and CHD). Further study 
on the relationships between combat, PTSD, and CHD are 
warranted, particularly because prior studies in older popula-
tions have found a modest relationship between PTSD and 
CHD.1,2,36,37 Furthermore, it is difficult to disentangle the 
effects of anxiety, depression, and PTSD, because these 3 
conditions have common features.

The present study is unique in that it evaluated the acute 
effects of PTSD on newly reported CHD. Although we found 
that PTSD symptoms were associated with self-reported CHD, 
the findings were no longer significant after adjustment for 
depression and anxiety and were not present in models that 

 � Heavy 14 646 (39.4) 4531 (42.7) 5624 (45.8) 23 060 (40.7) 1741 (52.3)

Physical activity†‡

 � Inactive 16 051 (43.2) 3633 (34.3) 3682 (30.0) 21 702 (38.3) 1664 (49.9)

 � Active 21 092 (56.8) 6969 (65.7) 8598 (70.0) 34 992 (61.7) 1667 (50.1)

Strength training†‡

 � Inactive 23 453 (63.1) 5762 (54.4) 5463 (44.5) 32 542 (57.4) 2136 (64.1)

 � Active 13 690 (36.9) 4840 (45.7) 6817 (55.5) 24 152 (42.6) 1195 (35.9)

Diabetes mellitus†‡

 � No 36 721 (98.9) 10 549 (99.5) 12 238 (99.7) 56 222 (99.2) 3286 (98.7)

 � Yes 422 (1.1) 53 (0.5) 42 (0.3) 472 (0.8) 45 (1.4)

Hypertension†‡

 � No 33 213 (89.4) 9825 (92.7) 11 411 (92.9) 51 561 (91.0) 2888 (86.7)

 � Yes 3930 (10.6) 777 (7.3) 869 (7.1) 5133 (9.1) 443 (13.3)

Depression†‡

 � No 35 959 (96.8) 10 421 (98.3) 11 983 (97.6) 55 896 (98.6) 2467 (74.1)

 � Yes 1184 (3.2) 181 (1.7) 297 (2.4) 798 (1.4) 864 (25.9)

Anxiety†‡

 � No 36 407 (98.0) 10 499 (99.0) 12 074 (98.3) 56 229 (99.2) 2751 (82.6)

 � Yes 736 (2.0) 103 (1.0) 206 (1.7) 465 (0.8) 580 (17.4)

Values are n (%). Percentages may not sum to 100 because of rounding. Table shows data for the self-reported CHD population (n=60 025). CHD 
indicates coronary heart disease; and PTSD, posttraumatic stress disorder.

*Newly reported CHD was considered present if the participant was free of disease at baseline and reported either healthcare professional–diagnosed 
CHD or heart attack at follow-up.

†Covariate associated with deployment at P<0.05 using χ2 tests.
‡Covariate associated with PTSD at P<0.05 using χ2 tests.

Table 1.  Continued

Deployment Experiences PTSD, Specific Criteria

Baseline Characteristics Nondeployed (n=37 143)
Deployed, No Combat 

(n=10 602)
Deployed, Combat 

(n=12 280) No (n=56 694) Yes (n=3331)
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used medical diagnostic codes. Of note, the lack of an asso-
ciation when the medical records were used may have been 
influenced by reduced power as a result of the smaller study 
population and potential underdiagnosis of CHD in the medi-
cal records. Other studies that found an association between 
PTSD and CHD were based on older cohorts with more remote 
military experiences and persistent PTSD. Because many of 
the pathways hypothesized to link PTSD and CHD are a result 
of cumulative effects of emotional dysregulation, these may 
have not been seen in the present study because of the rela-
tively short follow-up period. Furthermore, because PTSD is 
characterized by the recurrence of symptoms of the acute 
stress exposure, longer follow-up and additional analyses are 
warranted to detect potential associations between persistent 
PTSD symptoms and CHD over time.

In line with established major risk factors of heart disease, 
such as male sex, older age, smoking, obesity, and hyperten-
sion,6 the present study found these characteristics to be posi-
tively associated with newly reported CHD. Increased odds 
of CHD in these groups were found, despite our population 
being younger than other studies of veteran populations.2,5

Overall, new-onset CHD was uncommon (1.0%) among 
young US military service members and veterans during the 
study period. Compared with a study of autopsy-based coro-
nary atherosclerosis in US service members who died of com-
bat or unintentional injuries, the present study found a lower 
prevalence of CHD, but our questionnaire-based case defini-
tion required clinical symptoms that typically occur later in 
the course of atherosclerotic disease.38 The rates of CHD in 
the present study were overall similar to that reported among 
young persons (12.9/1000 men and 2.2/1000 women over 10 
years) in the general US population.39

There were several limitations to the present study. Although 
we adjusted for multiple risk factors for CHD,6 data for serum 
cholesterol, diet, and hereditary factors other than race/ethnicity 
were not available. In addition, misclassification of covariates 
and potential residual confounding may have occurred given 
the self-reported nature of some covariates (eg, weight) and 
lack of quantitative measurements (eg, blood pressure). The 
follow-up period may have been too short for the development 
of clinically symptomatic CHD in this younger study popula-
tion, resulting in small numbers; future follow-up of this cohort 
is recommended. Missing outcome data may have resulted in 
differential classification. Furthermore, underreporting or over-
reporting of the outcome may have occurred from the use of 
self-reported data to identify the presence of CHD, and hence, 
these data were validated with medical diagnosis codes among 
active duty participants who had not separated from the mili-
tary. Only participants on active duty status throughout the 
entire study period were included in the subanalysis, because 
Reserve/National Guard participants may not have equal access 
to the Department of Defense healthcare system and we were 
unable to capture clinical care codes generated by medical 
encounters outside the Department of Defense system.

With regard to mental health conditions, we relied on 
self-reported symptomatic characteristics, which may be more 
valid than medical records because participants may be more 
willing to report these symptoms in a confidential manner that 
shields them from social stigma or negative career impact. For 
purposes of this research, PTSD diagnosis was established 
by use of a self-report measure; however, the PCL-C has 
established criterion validity with the Clinician-Administered 
PTSD Scale, the “gold standard” for assessing and diagnosing 
PTSD.40 The study’s results may not be representative of older 

Table 2.  Adjusted Odds of Newly Self-Reported Coronary 
Heart Disease in the Millennium Cohort Study (2001–2008): 
Deployment Status and PTSD

Characteristic
Age, Sex, and Race 

Adjusted

All Covariates 
Except Anxiety and 

Depression* All Covariates†

Deployment 
experiences

 ��� Deployed, no 
combat

1.00 1.00 1.00

 � Nondeployed 1.06 (0.68–1.66) 1.01 (0.64–1.58) 1.01 (0.64–1.58)

 ��� Deployed, 
combat

1.81 (1.25–2.64) 1.64 (1.11–2.41) 1.63 (1.11–2.40)

PTSD, specific 
criteria

2.25 (1.49–3.39) 1.66 (1.10–2.50) 1.27 (0.76–2.12)

Values are odds ratio (95% confidence interval). PTSD indicates posttraumatic 
stress disorder.

*Models adjusted for both primary exposures (deployment experiences and 
PTSD) and the additional covariates, including sex, birth year, race, education, 
marital status, pay grade, component and service branch, body mass index, 
smoking, drinking, physical and strength activity, time between baseline and 
follow-up surveys, diabetes mellitus, and hypertension.

†Models adjusted for both primary exposures (deployment experiences and 
PTSD) and the additional covariates, including sex, birth year, race, education, 
marital status, pay grade, component and service branch, body mass index, 
smoking, drinking, physical and strength activity, time between baseline and 
follow-up surveys, diabetes mellitus, hypertension, anxiety, and depression.

Table 3.  Adjusted Odds of New Diagnostic Code for Coronary 
Heart Disease in the Millennium Cohort Study (2001–2008): 
Deployment Status and PTSD

Characteristic
Age, Sex, and Race 

Adjusted

All Covariates 
Except Anxiety and 

Depression* All Covariates†

Deployment 
experiences

 ��� Deployed, no 
combat

1.00 1.00 1.00

 � Nondeployed 1.29 (0.82–2.03) 1.30 (0.82–2.07) 1.30 (0.81–2.07)

 ��� Deployed, 
combat

2.03 (1.38–2.98) 1.93 (1.31–2.85) 1.93 (1.31–2.84)

PTSD, specific 
criteria

0.78 (0.29–2.15) 0.62 (0.22–1.72) 0.49 (0.16–1.53)

Values are odds ratio (95% confidence interval). PTSD indicates posttraumatic 
stress disorder.

*Models adjusted for both primary exposures (deployment experiences and 
PTSD) and the additional covariates including sex, birth year, race, education, 
marital status, pay grade, component and service branch, body mass index, 
smoking, drinking, physical and strength activity, time between baseline and 
follow-up surveys, diabetes mellitus, and hypertension.

†Models adjusted for both primary exposures (deployment experiences and 
PTSD) and the additional covariates including sex, birth year, race, education, 
marital status, pay grade, component and service branch, body mass index, 
smoking, drinking, physical and strength activity, time between baseline and 
follow-up surveys, diabetes mellitus, hypertension, anxiety, and depression.
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US veterans, because this cohort is predominantly composed 
of younger members who have served or are currently serv-
ing in the US military. Finally, survey responders had slightly 
different characteristics than nonresponders17; however, previ-
ous investigations suggest the cohort provides an overall good 
representation of military personnel whose responses are not 
influenced by poor health status.15,23,41–47

The present study had several strengths, including the pro-
spective nature of the data collection, which allowed for the 
assessment of both combat experiences and PTSD symp-
toms before CHD. Incidence and estimated risks were also 
assessed given the prospective study design. All branches and 
components of the armed forces were represented across the 
nation and in overseas locations. The inclusion of Reserve and 
National Guard members is of particular significance because 
they are often understudied because they do not have access to 
the military healthcare system unless they are on active duty. 
Finally, given the comprehensive nature of the Millennium 
Cohort questionnaire, it was possible to evaluate several 
potential confounders and risk factors for CHD.

In summary, combat experiences during deployment may 
be associated with new-onset CHD among US service mem-
bers and veterans. An association was found between screen-
ing positive for PTSD and new-onset self-reported CHD, but 
this was no longer noted after adjustment for depression and 
anxiety. Exposure to stressful events such as combat may play 
an important role in the development of CHD in a young, oth-
erwise healthy population of US service members. Continued 
longitudinal research is recommended to assess the long-term 
burden of the recent Iraq and Afghanistan conflicts on CHD.
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Clinical Perspective
The present study evaluated the association of acutely stressful life experiences (military combat deployments and posttrau-
matic stress disorder) on coronary heart disease (CHD) among a young cohort of US service members (n=60 025) during 
the Iraq and Afghanistan conflicts. A total of 627 service members (1.0%) newly reported CHD during an average 5.6-year 
follow-up period. The experience of combat deployment was associated with increased odds of both self-reported new-onset 
CHD and having a medical diagnosis code for new-onset CHD in the records. Screening positive for posttraumatic stress 
disorder symptoms was associated with self-reported CHD before but not after adjustment for depression and anxiety. 
Posttraumatic stress disorder was not associated with a new diagnosis code for CHD; however, the sample for this analysis 
had limited power. The present study demonstrates that intense and acute stressful life experiences may increase the risk for 
CHD over a relatively short period among young adults.
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the Millennium Cohort Study during 2001 to 2008 (n=60 025) were evaluated for newly self-reported CHD. Electronic 
medical record review for International Classification of Diseases, Ninth Revision, Clinical Modification codes for CHD was 
conducted among a subpopulation of active duty members (n=23794). Logistic regression models examined the 
associations between combat experiences and PTSD with CHD with adjustment for established CHD risk factors. A 
total of 627 participants (1.0%) newly reported CHD over an average of 5.6 years of follow-up. Deployers with combat 
experiences had an increased odds of newly reporting CHD (odds ratio, 1.63; 95% confidence interval, 1.11–2.40) and 
having a diagnosis code for new-onset CHD (odds ratio, 1.93; 95% confidence interval, 1.31–2.84) compared with 
noncombat deployers. Screening positive for PTSD symptoms was associated with self-reported CHD before but not after 
adjustment for depression and anxiety and was not associated with a new diagnosis code for CHD. 
Conclusions.  Combat deployments are associated with new-onset CHD among young US service members and 
veterans. Experiences of intense stress may increase the risk for CHD over a relatively short period among young 
adults. 
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